Enantiomer and conformer recognition of (+) and (-)-disparlure and their analogs by the pheromone binding proteins of the gypsy moth, Lymantria dispar.
Adult female gypsy moths produce a sex pheromone (+)-(7R,8S)-2-methyl-7,8-epoxyoctadecane, (+)-disparlure, to attract male gypsy moths. To better understand the recognition of (+)-disparlure by the male's olfactory system, we synthesized racemic and enantiopure oxa and thia analogs of (+)-disparlure (ee>98%). Ab initio calculations of the conformeric landscapes around the dihedral angles C5-6-7-8 and C7-8-9-10 of (+)-disparlure and corresponding dihedral angles of analogs revealed that introduction of the heteroatom changes the conformeric landscape around these important epitopes. The energy difference between HOMO and LUMO decreased after oxygen or sulfur was introduced into the backbone. Consistent with this, an enhancement of binding affinity between sulfur analogs and the pheromone-binding proteins (PBPs) was observed in vitro. Docking of the pheromone and analogs onto models of the two known PBPs of the gypsy moth revealed that the internal binding pocket of PBP1 showed higher selectivity than that of PBP2, consistent with in vitro binding assays. Further energy analysis revealed that enantiomers adopted different conformations with different energies when docked in the internal binding pocket of PBPs, resulting in enantiomer discrimination of PBPs towards disparlure and its analogs.